With unsplit anisotropic perfectly matched layer (APML) for the boundary treatment, a new design for terahertz photonic crystal fiber (PCF) by using the finite-difference time-domain (FDTD) method is present. Electromagnetic fields of guided mode and transmission spectrum in PCFs are computed.
Introduction
The terahertz (THz) frequency range (0.1THz ∼ 10THz) that lies between microwave and infrared light, has received much attention, containing many characteristic resonances, such as cooper pairs, excition and donor binding energy. With the progress in sources and receivers of THz waves, much interest has been generated in propagation properties of the waves. There are two methods to transmit THz waves, namely, quasi-optical approach and guided-wave approach. Many THz waveguides such as metal circular [1] , sapphire fiber [2] , plastic ribbon waveguide [3] , metal wire [4] and photonic crystal [5, 6] have been reported.
On the other hand, photonic crystal fiber is a kind of very useful waveguide, in which a single defect is introduced into a two-dimensional photonic crystal, and the light is guided through the defect [7] . According to the light guided mechanisms of PCFs, they can be divided into two general categories, i.e. the photonic band gap (PBG) and the total internal reflection (TIR) PCFs.
Because of long wavelength of THz radiation, it is not difficult to construct THz PCF as new kinds of THz waveguide. Some teams have reported their work on THz PCFs [8, 9] , which are fabricated by materials with low loss in THz frequency range, such as polyethylene and Teflon tubes. In this paper, several PCFs with different lengths are computed for comparison, but the distance between the nearest air holes and the area of the air holes in these PCFs are same. These two physical fators are very important for the design which dicide the transmission spectrum and guided mode of THz waves in this structure. According to the design the PCFs will be constructed by low loss materials in future.
Numerical Methods

FDTD Time-stepping Formulas
The FDTD is to derive the discretization of Maxwell's equations by difference with the electromagnetic distribution of the Yee space cell [10] . The electric field and magnetic field are computed in desired space by using leapfrog for time derivatives. The FDTD approximations to the fields H x and E x obtained from Maxwell's equations in computational domain, are given in [10] . The FDTD approximations to other field components can be obtained in a similar manner. Once necessary information at each space grid point, such as permittivity, permeability, conductivity and the initial distribution of the source fields, the time evolution of the fields can be obtained by these time-stepping formulas.
Numerical Stability and Boundary Condition
The numerical stability of the FDTD time-stepping formulas can be ensured when the following condition is satisfied [11] ∆t ≤ 1
where c is the speed of the light. It is necessary to truncate the FDTD space grid at the boundaries of the computational domain for a finitesized calculation, so the unsplit APML method is applied. In the APML [12] , Maxwell's curl equations are expressed as 
Where σ x , σ y and σ z are the conductivities of APML region along the x-, y-and z-direction, respectively. Empirically, the APML conductivities σ x , σ y and σ z to vary spatially along x-, y-and z-direction is chosen as follow [13] σ v = σ max |i − i 0 | n N AP ML i = 0, 0.5, 1, ..., N AP ML and v = x, y or z
Where N APML is the number of cells in the APML region; n, the order of polynomial variation, is set to be 3 or 4 in the applications; i 0 denotes the starting grid index of the APML; and σ max is an empirical constant which depends upon the size of the spatial discretization, ∆v in the APML region. Here σ max is chosen as following [14] 
The APML is usually hard terminated with a PEC (perfect electric conductor) wall at the outermost boundary and it can be easily implemented by enforcing the tangential electric field components and normal magnetic field components to be zero on the wall.
Numerical Example
In this paper a new type of THz-PCF based on TIR is designed and shown in Fig.1 . The white parts are air holes, and the dielectric constant of the black part is assumed to be 2.25 in THz region. The diameter d of the air holes is 0.8Λ, which denotes the distance between the nearest air holes. There are ten layer APML used to truncate the FDTD space grid. A total of 102,400 (320 * 320) mesh points are used in a cross-section, and total number of time steps is 20,000. According to the field distribution of the guided mode at 0.62 THz at the output cross-section in Fig.2 , THz field is confined to the core. It is implied that THz wave can be easily controlled in this kind of PCF. The amplitude transfer spectra of pulse and normalized transmitted intensity of THz field in the PCF at different lengths are calculated and shown in Fig.3 and Fig.4 , respectively. According to Fig.3 , the high frequency cut-off can be observed, and the peak position of transfer spectra moves to 0.62 THz with the length of PCF increasing. It is implied that this PCF fits for propagation of electromagnetic wave around the frequency of 0.6 THz. As shown in Fig.4 , the intensity at 0.62 THz decreases with PCF length more slowly than the average intensity. The waveguide dispersion becomes stronger with PCF length changing. Figure 5 demonstrates the strong group-velocity dispersion of the PCF, through which the input pulse has been stretched to ∼ 22ps. New study on PCF structures for THz waves with higher frequency and to reduce dispersion in wave propagation are in progress.
Conclusion
We have demonstrated the calculation of the THz wave propagation in PCFs with different lengths. The PCF is a good kind of waveguide for THz wave and it is possible to fabricated longer PCF for practical application. THz PCF which is based on the PBG will be reported in future papers.
